A novel multi-component reaction between arylhydrazonals, malononitrile and aromatic aldehydes under high pressure utilizing Q-tube was carried out. The reaction of arylhydrazonal (1j) with malononitrile and aromatic aldehydes afforded the corresponding biphenyl derivatives (4) . However, compound 1h reacted with malononitrile and aromatic aldehydes (7) to afford pyridazino [5,4,3- de]1,6-naphthyridine-7-carbonitrile derivatives (8) . In contrast, the arylhydrazonal (1k) at the same reaction conditions afforded the corresponding pyridazinoquinazoline derivative (22) . A rationalization for the difference in behavior for reaction of compounds 1h-k with malononitrile and aromatic aldehydes was postulated. Based on these findings a mechanism to account for the formation of the reaction products is suggested excluding possible initial dimerization of malononitrile as has been previously reported.
Introduction
For more than fifty years, we have emphasized on devising efficient syntheses for biologically relevant multifunctional hetero-aromatics. Our contributions have been recently surveyed [1] . We have also recently surveyed utility of multicomponent reactions in our area [2] . Since 1997, we investigated extensively utility of microwave to accelerate reaction rates [3] [4] [5] [6] . As we became convinced that microwave techniques is very expensive to scale up and it is just allow reactions to proceed at higher temperature than that of the medium via formation of hot spots thus increasing the rate. It is well accepted that every 10 °C increase in temperature of reaction mixture duplicate the rate [7, 8] .
We recently turned to application of pressure as the latter also permit conducting reactions at temperatures higher than boiling point of the medium. In addition, the utility of high pressure in reactions with large negative volumes of activation (-ve) possess a rate accelerating effect [9, 10] . Our first achievement in this area utilizing Q-tube as safe pressure reactor to enhance conducting reactions under high pressure in laboratory has very recently been reported [11, 12] . In the present article, we report results of our investigation on the reported 3+3 atom combination for the synthesis of pyridazines and condensed pyridazines [13] [14] [15] , under increased pressure. The work enabled defining the scope of this synthesis and enabled disclosing novel routes to naphthyridine, pyridazine and biphenyl derivatives.
In 2007, we reported what seemed to be a new general 3+3 atom combination synthesis of 6-amino-1,4-dihydro pyridazines (3) via reacting arylhydrazonals (1a-e) with α-substituted cinnamonitrile (2a) (Scheme 1) [15] . These were also obtained via reacting compounds 1a-e, aromatic aldehydes (7) and active methylene nitriles (6) . However, subsequent investigations indicated that the reaction product is depending on the nature of aryl substituent in compound 1. Thus, compounds 1f,g reacted with compound 2a to yield compound 4 [16] whereas compound 1j reacted with compound 2a to yield compound 5 [13] . Recently, Abdelhamid et al. reported that pyrazolyl-azaenamines reacted with cinnamo nitrile derivatives yielding pyrazolo [4",3"-5,6 ]pyrimido[2,1-a]phthalazine-9-carbonitrile derivatives [17] .
Scheme 1
Very recently, Moustafa et al. have developed a novel synthesis of tricyclic system 8 via reacting 2-phenylhydrazono derivatives with malononitrile (6) and aromatic aldehyde derivatives (7) in Q-Tube [18] . Also Abdelmoniem et al. [19] reported different synthetic routes for the synthesis of several pyridazine derivatives utilizing arylhydrazonals as starting materials as they possess an in vitro antitumor effect [20] .
Experimental

Instrumentation
Melting points were recorded on a Griffin melting point apparatus and are reported uncorrected. 1 H NMR (400 MHz) and 13 C NMR (100 MHz) spectra were recorded at 25 °C using DMSO-d6 as solvent with TMS as internal standard on a Bruker DPX 400 spectrometer. Chemical shift are reported in ppm. Mass spectra were performed using Shimadzu GMSS-Q-1000 Ex mass spectrometer with the EI (70 eV) mode. All reactions were monitored by using thin layer chromatography (TLC). Reactions were conducted under reduced pressure in Q-tube safe pressure reactor from Q-LabTech with a cap/sleeve, pressure adaptor (120 psi), needle adaptor, needle, borosilicate glass tube, Teflon septum and catch bottle.
Synthesis
General procedures for Q-Tube-assisted synthesis of compounds 4, 8 and 22
Independed azaenamines derivative (1h-k) (0.01 mol), malononitrile (6) (0.02 mol) and aromatic aldehydes (7a-e) (0.01 mol) in dioxane (10 mL) and catalytic amount of either piperidine (1 mL) or zeolite (0.25 g) were sequentially added in a 35 mL Q-tube pressure tube, the mixture was heated in an oil bath at 150 °C. After about 60 min, the reaction mixture was monitored by TLC and stopped. The hot reaction mixture was cooled and poured into ice-water. The separated solid products obtained on standing at room temperature were collected by filtration and purified by column chromatography utilizing appropriate solvents mixture to give analytical pure products (Scheme 2). [5,4,3- [5,4,3- [5,4,3- 
8-Amino-5-phenyl-4-methyl-1-(2-nitrophenyl)-1H-pyridazi no
8-Amino-5-(2-chlorophenyl)-4-methyl-1-(2-nitrophenyl)-1H-pyridazino
8-Amino-5-(4-chlorophenyl)-4-methyl-1-(2-nitrophenyl)-1H-pyridazino
Results and discussion
In conjunction to our interest in pyridazines and condensed pyridazines we report here on the reaction of arylhydrazonal derivatives (1h-k), malononitrile (6) and aromatic aldehyde derivatives (7a-e). We have found that arylhydrazonal derivative (1h) reacts with malononitrile (6) and aromatic aldehyde (7a-e) to yield the pyridazinonaphthyridine derivatives (8a-e) (Scheme 2).
Two routs can lead to the formed end product. Thus, initial condensation of compound 1h with malononitrile (6) can afford compound 14 that then cyclized to compound 15 which reacted further with aromatic aldehydes to yield compound 16 that added further malononitrile molecule and cyclized then aromatized to yield compound 8 (Pathway A) (Scheme 3). Alternately initial formation of dimer 9 that condense with compound 1h yielding compound 10 that afford compound 11 then compound 12 and finally compound 8 (Pathway B, Scheme 3) can also occur.
Under the same reaction condition, compound 1j reacted with malononitrile (6) and aromatic aldehyde 7 to afford the benzene derivative 4 via sequence shown in Scheme 4 [16] .
In contrast the arylhydrazonal 1k reacted with malononitrile (6) and aromatic aldehyde 7a at the same conditions to afford the pyridazine derivative 22 (Scheme 5).
Although, in a previous article, Moustafa et al. [18] reported the formation of pyridazino [5,4,3-de] [1, 6] naphthyridine derivatives via reaction of ethyl 3-oxo-2-arylhydrazono butanoate, malononitrile and aromatic aldehydes under high pressure but they could not conclude exact mechanism of the process leading to the formation of the tricyclic system. In our efforts described above the reactions are also conducted in a Q-tube, as in more than one situation, products resulting from initial condensation with malononitrile as the case of compound 1j and 1k and subsequent reaction with arylidene malononitrile have been observed which decisively excluded the initial dimerization of malononitrile. It is almost certain that formation of the tricyclic system proceed in the same way operating in case of compound 1j,k establishing route A for the reaction mechanism.
Conclusions
We do conclude that, 3+3 atom combination synthesis of dihydropyridazines is in fact very limited scope. Efficient electron donating substituents at the hydrazone aryl moiety renders hydrazone C-1 the most reactive center. Electron attracting substituents reverse the situation rendering the acyl carbonyl the most reactive center and the active methylene initially condense with yielding the corresponding ylidene derivative that react further with another of the reagent to yield biaryl derivatives (4) as with ortho-ester group, where hydrogen bonding of hydrazine NH with ester group enhances this process. If alternate cyclization products are either more stable or less soluble product, then another cyclization course took place. In case of compound 1k, the produced enaminonitrile is more reactive than the start and further reacted yielding the tricyclic system. Steric hindrance of the acyl carbonyl also plays a role in such reaction. In case of compound 1, the propanoyl groups render the carbonyl group less reactive for further cyclization. Moreover, in a multicomponent reaction the active methylene reagent initially condense with acyl carbonyl moiety rather than initial formation of arylidene derivative that has the potentiality to add to arylhydrazonal C-1, establishing that initial dimerization of malononitrile does not occur.
